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in the digestion of cellulose and synthesis of microbial protein. A deficiency of P leads to decline in fertility rate, feed intake, milk production, ovarian activity, irregular estrous cycles, increased occurrence of cystic ovaries, delayed sexual maturity and low conception rates (Cromwell, 1997) .
Hypophosphatemia have been a contributing factor for typical periparturient diseases of dairy animals such as the downer cow syndrome and postparturient hemoglobinuria (Gahlawat et al., 2007; Kacchwaha and Tanwar, 2010) . Increasing phosphorus supplementation from 0.4% to 0.6% of the ration had no effect on days to first estrus or services per conception. NRC (2001) has revised the recommendation for dairy cattle from 0.3 to 0.4%. Increasing the concentration of dietary phosphorus above requirement (more than 0.38-0.40%) does not improve reproductive performance (Amaral-Philips, 2015) . A recent study reported that lowering dietary P from 0.57 to 0.37% did not negatively affect milk production, but did significantly reduce P excretion into environment (Wang et al., 2014) .
Selenium (Se)
Selenium is regarded as an important trace element and its deficiency is associated with poor growth, fertility and health in dairy animals (Weiss et al., 1990) . It is involved in normal spermatogenesis and is an essential component of a range of selenoproteins, including glutathione peroxidase, thioredoxin reductase and iodothyronine deiodinase. It also plays a vital role in protecting both the intra-and extracellular lipid membranes against oxidative damage and protects milk lipids from oxidation (Bhattacharya et al., 1988) . Both deficiency and excess Se have been demonstrated to be detrimental to normal spermatogenesis (Wiltbank et al., 2007) . A low levels of Se in diet leads to effect on antioxidant system with subsequent detrimental consequences in terms of animal health (Spears, 2000) . A marginal Se deficiency in pregnant animals will lead to abortion, or calves will be weak and unable to stand or suckle.
Se supplementation reduces the incidence of retained placentas, cystic ovaries, mastitis and metritis. Low Se has also been associated with poor uterine involution, and weak or silent heats. In males, Se supplementation has been shown to increase semen quality (Puls, 1994) . Symptoms of chronic Se toxicity include lameness, sore feet, deformed claws and loss of hairs from tail. In pregnant animals, selenium toxicity will produce abortions, stillbirth, weak and lethargic calves as selenium accumulate in the fetus at the expense of the cow (Patterson et al., 2003) . Vitamin E and Se supplements in diets have a protective effect against acute infections mammary gland (Ata and Zaki, 2014) . 
Zinc (Zn)
Zinc is an essential component of over 200 enzyme systems involved in metabolism of carbohydrate, protein and nucleic acid metabolism, epithelial tissue integrity, cell repair and division, vitamin A and E transport and their utilization. In addition, Zn plays a major role in the immune system and certain reproductive hormones (Capuco et al., 1990) . Zinc has a critical role in the repair and maintenance of the uterine lining following parturition, speeding return to normal reproductive function and estrus. In bulls, a Zn deficiency results in poor semen quality and reduced testicular size and libido (Daniel, 1983 ). Zn has also been shown to increase plasma β-carotene level which is correlated to improvement in conception rates and embryonic development (Short and Adams, 1988) . A good Zn status also improves fertility by reducing lameness, cows more willing to show sign of heat and improved mobility and performance of bulls. A severe Zn deficiency in cattle results in slow growth, reduced feed intake, loss of hair, skin lesions that are most severe on the legs, neck, head and around the nostrils, excessive salivation, swollen feed with open, scaly lesions, and impaired reproduction (Spears, 1994) . A deficiency of Zn in males reduces testicular development and sperm production (Martin et al., 1994) . Zn deficiency has been 
Copper (Cu)
Copper is a necessary component of number of enzymes including superoxide dismutase, lysyl oxidase and thioloxidase. Action of these enzymes is to scavenge free radicals and thus prevent tissue susceptibility to infections, increase structural strength of connective tissues and blood vessels, and increase strength of horn and hooves. Cu also plays an important role in the immune system. Cu and Zn have a significant correlation with reproductive hormones (progesterone and estradiol) (Prasad et al., 1989) . A Cu deficiency in cattle is generally due to the presence of dietary antagonists, such as S, Mo and Fe that reduce Cu bioavailability. Deficiencies of Cu have also been associated with retained placenta, embryonic death and decreased conception rates and anestrus (Mudgal et al., 2014) . Dairy cows with higher serum Cu levels had significantly less days to first service, fewer services per conception and fewer days to open. Proper copper supplementation of the sire is needed for production of quality semen. 
Manganese (Mn)
Manganese is an essential nutrient for dairy animals like other minerals. There is large variation in Mn levels in feedstuffs. Fodders were generally adequate in Mn but concentrate ingredients may be deficient (Bhanderi et al., 2014) . Generally, legume and grass hays have more Mn than corn or corn silage and Mn is reported to be more available in hay than silage (Puls, 1994) . 
Iodine (I)
Iodine is an essential trace element for dairy animals. Iodine is incorporated into the thyroid hormones, 
Potassium (K)
Potassium is the third most abundant mineral element in the animal body after Ca and P. Potassium concentrations in cells exceed the concentration of Na by 20 to 30 times. Outside the cell the reverse is true. K is about 5% of the total mineral content of the body. The dairy cow's minimum requirement for K is 0.90% to 1.0% of the ration on DM basis (NRC 2001). The maximum tolerable level is about 3.0%.
Feeding high levels of K may delay the onset of puberty, delay ovulation, effect corpus luteum development and increase the incidence of anestrous in heifers. In dry period during the last 2 to 3 weeks prepartum can predispose the fresh cow to milk fever, displaced abomassum, uterine problems, and other Page7 the ration decreases feed intake in ruminants. The K requirement in tropical summer is increased as high as 1.9% for high producing cows.
Chromium (Cr)
Chromium improves sensitivity of insulin, resulting in increased uptake of glucose and amino acids by cells in the body (Short and Adams, 1988 ). Dietary energy intake in early lactation does not meet energy demands for maintaining body reserves and milk yield (Coppock, 1985) . A low serum insulin, high glucagon and growth hormone (Herbein et al., 1985) , and high plasma NEFA concentrations (Grummer, 1993) in early lactation dairy cows indicates high catabolic activities and negative energy balance. This leads to increased gluconeogenesis and glycogenolysis in the liver and increased mobilization of protein reserves from muscle tissue (Collier et al., 1984) . This metabolic pattern starts near parturition (VazquezAnon et al., 1994). Several studies reported insulin resistance begins before parturition and continues during early lactation. Thus, during the periparturient period, insulin resistance may be an important factor in the initiation of catabolic activities (Holstenius, 1993) . At this stage, Cr supplementation (0.5 ppm) may enhance the action of insulin and, consequently decrease NEFA and liver triglyceride concentrations in blood and improve glucose tolerance, which may result in improvement of performance and production during the periparturient period.
Salt (NaCl)
Salt contains sodium (Na) and chloride (Cl) and is often supplemented in concentrate or as free lick. Na is an essential element for animals but is not required by plants. Na functions in maintaining osmotic balance, in cellular uptake of glucose and in amino acid transport (NRC, 1989) . Lactating dairy animals in the tropics may require more Na due to the hot and humid climatic conditions. The daily salt requirements for dairy cattle are met easily by adding 1 percent salt to concentrate mixture and offering additional salt lick. Lactating cows need 2 g salt/kg milk production. Dry cows need 40 g salt daily or 0.3% Na per kg DM. Salt deficiencies can affect the efficiency of digestion and indirectly the reproduction performance of cows. Na and Cl content of feedstuffs often are not enough to meet animal requirements and should be provided free choice at all times (Elrod and Butler, 1993) . Thiangtum et al.
(2011) recommended 1.2 g of Na/kg of DM for dairy cows under tropical conditions.
Conclusion
Fertility in dairy animals is affected by a number of factors such as nutrient intake, physiological conditions, management and climatic conditions. Mineral requirements of animal depend upon age, species, breed, physiological conditions of animals. Supplementation of minerals to meet normal growth and production requirement is of utmost importance. Mineral requirement for reproduction and immunity have recently been explored in number of studies. However, mineral interactions, toxicities and bioavailability from different sources must be taken into account in dairy animal nutrition. The organic
